Chemoresistance of ovarian carcinoma has been associated previously to the absence of Bcl-x L expression downregulation in response to cisplatin. Among BH3-mimetic molecules constituting promising anticancer agents able to inhibit the activity of antiapoptotic Bcl-2 family proteins, we evaluated the effect of one of them, HA14-1, on various ovarian carcinoma cell lines. In response to HA14-1, the cisplatin-resistant IGROV1-R10 cell line underwent massive cell death, whereas other cell lines presented a partial response (IGROV1, SKOV3, and A2780) or did not respond to this molecule (OAW42 and OAW42-R). However, the expression of HA14-1 targets (Bcl-2 and Bcl-x L ) did not correlate to these different responses. In contrast, cell death was associated with the disappearance of Mcl-1 after exposure to HA14-1. We showed that, in the HA14-1 nonresponsive cell lines (SKOV3 and OAW42), small interfering RNA-mediated Mcl-1 downregulation allowed HA14-1-induced massive apoptosis in the absence of chemotherapy. Furthermore, cisplatininduced Mcl-1 downregulation was also able to sensitize highly chemoresistant SKOV3 cells to HA14-1. Taken together, these results show that Bcl-x L and Mcl-1 are able to cooperate to protect ovarian carcinoma cells against oncogenic stress or chemotherapy-induced apoptosis and suggest that the development of multitargeted strategies directed against these two antiapoptotic proteins may constitute a major challenge for the therapeutic care of chemoresistant ovarian carcinomas. BH3-mimetic compounds represent promising tools for this purpose either on their own (direct or indirect pan-inhibitors) or in combination with new drugs aiming to inactivate
Introduction
Ovarian carcinoma is the leading cause of death among patients with gynecologic cancer. Although the majority of tumors initially respond to standard treatments such as debulking surgery and subsequent platinum-based chemotherapy, frequent recurrence and subsequent acquired chemoresistance are responsible for the therapeutic failure, leading to an overall survival rate of ∼30% (1).
Because cisplatin exerts its cytotoxic effect on tumor cells by inducing apoptosis as a result of lethal DNA damage, numerous mechanisms can contribute to cisplatin resistance. These mechanisms lead either to a decreased platination of DNA or to a decreased death signal due to alteration of DNA damage detection process and subsequent signal transduction (2) . However, a strong cell death signal due to DNA damage generally exists in cells exposed to cisplatin, at least transiently, and it should be hypothesized that cancer cells need strong survival mechanisms to avoid cell death and promote DNA repair. Such a decreased susceptibility to apoptosis has been previously held responsible for chemoresistance (3) . The antiapoptotic Bcl-2 family proteins play a major role in the protection against DNA damageinduced apoptosis via the mitochondrial pathway. They constitute a molecular hurdle impeding the chemotherapyinduced apoptosis during the time needed for elimination of cellular damages.
Bcl-2 family members share four Bcl-2 Homology domains with Bcl-2 (BH1-BH4). Antiapoptotic proteins (Bcl-2, Bcl-x L , etc.) contain the BH1 to BH4 domains, whereas proapoptotic proteins contain either the BH1 to BH3 domains (multidomain members such as Bax or Bak) or only the BH3 domain (BH3-only group such as Bad, Bid, Noxa, Puma, or Hrk).
These proteins are able to physically interact among themselves or with other molecular partners, thus modulating their proapoptotic or antiapoptotic properties (4) . These interactions occur via the BH3 domain, which plays a central role in the control of apoptosis. The ratio between proapoptotic and antiapoptotic members, their conformation, and their subcellular localization constitute major determinants of cell survival.
Numerous studies have provided evidence for a key function of these proteins in the control of mitochondrial permeability transition and cell death (5) . In this context, antiapoptotic members act as sequestrators of multidomain proteins, impeding their active role in apoptosis. In contrast, BH3-only proteins that are considered as stress sensors can dissociate Bax-like proteins from their antiapoptotic sequestrators, thus leading to apoptosis (6) .
Expression of Bcl-2 family members is frequently deregulated during carcinogenesis (7), and expression of both Bcl-2 and Bcl-x L antiapoptotic proteins has been associated with resistance to radiation and antitumor agents (8) , notably in ovarian carcinoma (9) (10) (11) .
Our previous work showed that cisplatin-induced downregulation of Bcl-x L was strictly associated with apoptosis and absence of recurrence in vitro. Conversely, the maintenance of Bcl-x L expression in response to cisplatin led to chemoresistance (12) .
Thus, in ovarian carcinoma, the inhibition of the protective function of Bcl-x L seems to be an attractive strategy for either restoring normal apoptotic process in cancer cells or circumventing resistance to conventional chemotherapy. In this regard, numerous teams have investigated new potent molecules designed to fit into the hydrophobic pocket of Bcl-2 that binds to the BH3 domain and, by this way, to inhibit the function of the antiapoptotic members (13) . These BH3-mimetic compounds are able to dissociate Bax-like proapoptotic multidomain members from their antiapoptotic sequestrators, thus leading to apoptosis.
Among them, HA14-1 was the first Bcl-2 inhibitor to be identified (14) . It has been shown to induce apoptosis in HL60 cells through the mitochondrial pathway and to sensitize cells to apoptosis induced by other cytotoxic agents in many cell types (14) (15) (16) (17) (18) (19) .
Considering all these data, we investigated the effect of HA14-1 on ovarian cancer cell lines either sensitive (OAW42 and A2780) or resistant (IGROV1-R10 and SKOV3) to cisplatin. HA14-1 was used alone or in combination with cisplatin to evaluate its capacity to sensitize to oncogenic stress and to conventional chemotherapy.
Materials and Methods
Cell Lines and Treatment IGROV1, OAW42, A2780, and SKOV3 cell lines were established from human ovarian adenocarcinomas. Resistant IGROV1-R10 and OAW42-R cells were obtained by reiterating treatments with increasing concentrations of cisplatin (20) . These cell lines were grown as described previously (12) . Exponentially growing cells were exposed for 2 h to 20 μg/mL CDDP (Merck) in serum-free medium or with HA14-1 dissolved in DMSO (Sigma-Aldrich) in complete medium. For HA14-1 treatment, control cultures received the same dose of DMSO as treated counterparts.
Nuclear Morphology Study
The cells were collected by cytocentrifugation, fixed, and incubated in a 1 μg/mL 4′,6-diamidino-2-phenylindole aqueous solution (Boehringer Mannheim).
Cellular Staining with Giemsa Adherent cells were fixed with 70% ethanol and stained with a Giemsa azur eosin methylene blue solution (Merck) at a 1:5 dilution.
Analysis of Cellular DNA Content by Flow Cytometry Adherent and detached cells were pooled and fixed in ethanol and the pellets were stained with propidium iodide using the DNA Prep Coulter Reagent kit (Beckman Coulter). Samples were thereafter analyzed using an EPICS XL flow cytometer (Beckman Coulter) with a 488 nm excitation laser.
Electron Microscopy For transmission electron microscopy, cells were fixed with 2.5% glutaraldehyde in PBS, included in agar, postfixed in 1% osmium tetroxide in Sorensen's buffer, deshydrated in ethanol, and embedded in EPON resin. Ultrathin sections were stained with uranyl acetate and lead citrate and examined using a JEOL1011 microscope.
For scanning electron microscopy, cells were fixed with 2.5% glutaraldehyde in PBS, sedimented on L-polylysinecoated thermanox slides, post-fixed in 1% osmium tetroxide in Sorensen's buffer, and dehydrated in ethanol. A critical point drying followed by metalizing cultures with platinum is done before observation using a JEOL6400F microscope.
Western Immunoblotting Proteins (20 μg) were subjected to immunoblot following procedure described previously (12) . The following primary antibodies were used: anti-Bcl-2 (DAKO), anti-Bcl-x L/S and anti-Mcl-1 (Santa Cruz Biotechnology), anti-poly(ADPribose) polymerase (PARP), anti-cleaved caspase-3, anticaspase-9 and its cleaved form (Cell Signaling Technology), anti-caspase-3 (clone 19; BD Transduction Laboratories), and anti-α-tubulin (Sigma). Anti-microtubule-associated protein LC3 was kindly given by Dr. Yasuo Uchiyama (Osaka University Graduate School of Medicine).
Small Interfering RNA Transfection Small interfering RNAs targeting mcl-1 gene (siMcl-1; 5′-gugccuuuguggcuaaacatt-3′) and green fluorescent protein mRNA (used as control of transfection; 5′-gacguaaacggccacaagutt-3′) were purchased as duplexes from Eurogentec. Oligofectamine (Invitrogen) was used to transfect these siRNA (75 nmol/L) following the manufacturer's instructions. At the optimal time of gene silencing monitored by Western blot (24 h post-transfection), 40 μmol/L HA14-1 was added to the cells for 6 h.
Results

HA14-1 Induces a Massive and Rapid Cell Death in Cisplatin-Resistant IGROV1-R10 Cell Line
IGROV1-R10 cell line was exposed to increasing doses of HA14-1. Whereas no effect was observed with concentrations up to 20 μmol/L, a strong cytotoxic effect was observed in response to higher concentrations (data not shown), reaching a maximum when cells were exposed to 40 μmol/L. After 2 h of treatment, 40 μmol/L HA14-1 induced a massive cell detachment associated with a high proportion of condensed and fragmented nuclei and with the appearance of a sub-G 1 peak (Fig. 1A and B ). Taken together, these features are strongly evocating apoptosis, which is macroscopically nearly completed within 4 to 6 h. We showed that caspase-9, caspase-3, and PARP were totally cleaved as soon as 1 h, showing that caspase activation precedes cell detachment and that mitochondrial apoptotic pathway is involved in this phenomenon (Fig. 1C) .
Apoptosis and Autophagy Were Both Involved in Response to HA14-1
Scanning and transmission electron microscopy were used to further characterize cell death in IGROV1-R10 exposed to 40 μmol/L HA14-1 for 6 h. Membrane blebbing ( Fig. 2A ) and chromatin condensation (Fig. 2B) were observed, confirming the occurrence of apoptosis. Moreover, we observed cells with numerous vesicles filled with organelles debris evocating autophagy features (Fig. 2C, inset) . The possible involvement of autophagy in the response to 40 μmol/L HA14-1 was also suggested by the appearance of the LC3-II form of the LC3 protein, a specific marker of autophagy (Fig. 2D ).
However, it should be noticed that, in the cells containing vesicles filled with organelles debris, we also observed empty vesicles and chromatin condensation, suggesting concomitant or successive autophagic and apoptotic mechanisms.
Intrinsic Resistance to HA14-1
We further investigated the cellular response to HA14-1 in five other cell lines either sensitive (OAW42, IGROV1, and A2780) or resistant (SKOV3 and OAW42-R) to cisplatin (Fig. 3A) . In contrast with the massive cell death described with IGROV1-R10, 40 μmol/L HA14-1 for 6 h had little or no effect in these cells. Actually, in IGROV1 cells, only 40% of dead cells were observed after treatment. In SKOV3 cells, HA14-1 induced only a weak apoptotic response, and in OAW42, OAW42-R, and A2780 cells, no sign of cell death was detectable. In these cell lines, nuclear morphology, DNA content, and cell viability of exposed cells were similar to those of the control counterparts. These results were confirmed by Western blot, which showed little or no PARP and caspase cleavage (Fig. 3B) . These results suggest that response to HA14-1 depend on cellular context.
Mcl-1 Is a Major Determinant of Response to HA14-1 in Ovarian Carcinoma Cells
To identify the molecular determinants of the differential response to HA14-1 in ovarian carcinoma cells, we studied the expression of the identified targets of this molecule, the antiapoptotic proteins Bcl-2 and Bcl-x L .
Cells were treated for 6 h with 40 μmol/L HA14-1. Neither the basal level expression nor the expression of these targets after HA14-1 treatment was able to explain the different responses between the cell lines (Fig. 4A) . Indeed, neither HA14-1-sensitive IGROV1-R10 cells nor its HA14-1-resistant counterpart IGROVR-HAR cells (data not A, exponentially growing cells were treated for 1 to 6 h with HA14-1 (20 or 40 μmol/L). Response was appreciated by the study of morphologic/nuclear features and DNA content. Cell viability (B) and detection of caspase-9, caspase-3, and PARP cleavage (C) by Western blot after exposure to 40 μmol/L HA14-1. Representative of three independent experiments.
shown) express Bcl-2 protein, whereas the two other "HA14-1-resistant" cell lines expressed both Bcl-2 in a similar extent. No modification of this expression was observed after HA14-1 treatment. Thus, Bcl-2 expression could not be correlated to the response to HA14-1.
As far as Bcl-x L expression was concerned, a similar basal expression level was observed whatever the cell line was, and no modification was observed after HA14-1 treatment.
We then investigated the involvement of another cooperating antiapoptotic protein, Mcl-1. This protein was not described as a HA14-1 target, but its activity is known to be essential for protection against apoptosis (21) . Although Mcl-1 protein was detected in all cell lines, its expression level in response to HA14-1 seems to be linked to the cellular response to this compound (Fig. 4B) . Indeed, we observed that Mcl-1 expression nearly disappeared in response to HA14-1 in sensitive IGROV1-R10 cells, whereas its expression was increased or at least maintained at similar levels to untreated controls after exposure to HA14-1 in SKOV3 and OAW42 cells (Fig. 4B) . Thus, Mcl-1 appeared as an essential determinant to the response to HA14-1 used as a single antitumor agent.
We also examined the expression of Noxa, Puma, and Bim in IGROV1-R10 and SKOV3 cells after a 6-h exposure to 40 μmol/L HA14-1. Bim was strongly expressed in IGROV1-R10 but not in SKOV3. However, its expression remained unchanged after treatment. In contrast, Noxa and Puma expression was strongly induced after exposure to HA14-1 in the two cell lines. This upregulation was only observable with sublethal concentrations (20 μmol/L) and the expression of these proteins sharply decreased in case of massive cell death, suggesting a codegradation of these proteins with Mcl-1 (Fig. 4C) .
Mcl-1 Downregulation by RNA Interference Sensitizes SKOV3 and OAW42 cells to HA14-1
Because loss of Mcl-1 seems to be correlated with apoptotic cell death in response to HA14-1, we decided to knockdown this protein with siRNA (siMcl-1) in intrinsically HA14-1-resistant cell lines SKOV3 and OAW42 (Fig. 5) . In both cell lines (Fig. 5A ), siMcl-1 was able to inhibit Mcl-1 protein expression but did not lead to cell death on its own (Fig. 5) . As described previously, a 6-h exposure of 40 μmol/L HA14-1 alone induced only a weak apoptotic response (SKOV3) or did not have any effect (OAW42). Whereas control siRNA did not modify the response to HA14-1, we observed a strong apoptotic response in both cell lines when 40 μmol/L HA14-1 was combined with siMcl-1.
These results showed that Mcl-1 knockdown in SKOV3 and OAW42 cells allowed apoptotic cell death in response to HA14-1, thus strongly arguing that Mcl-1 play a pivotal role in the cellular response to HA14-1.
Cisplatin Also Sensitizes SKOV3 Cells to HA14-1 Considering the crucial involvement of Mcl-1 in response to HA14-1 and the decrease of Mcl-1 expression observed in SKOV3 cells in response to cisplatin (Fig. 6A) , it could be hypothesized that this chemotherapeutic agent could allow HA14-1-induced apoptosis through the downregulation of Mcl-1.
Indeed, we showed that a 2-h pre-exposure of SKOV3 cells to cisplatin sensitized them to HA14-1 (the exposure to HA14-1 occurring after 48 h, when cisplatin-induced Mcl-1 downregulation appeared optimal). The association of the two compounds led to a strong cytotoxic effect, whereas cisplatin and HA14-1 alone did not induce apoptosis (Fig. 6B) . Although cell growth was unaffected by HA14-1 alone, cisplatin-treated cells remained in a latent state for 2 weeks to eventually recover a normal proliferation rate thereafter (Fig. 6C) . In contrast, cells exposed to the combination of the two agents did not escape treatment even after 3 weeks as confirmed by Giemsa staining of the cellular layer 22 days after treatment (Fig. 6C ). This experiment shows that HA14-1 and cisplatin can be considered as reciprocal sensitizers and suggests that cooperation between Bcl-x L and Mcl-1 is essential for protection against apoptosis in ovarian cancer cells.
Discussion
Our results show that, in the absence of chemotherapy, HA14-1 is able to induce a massive and rapid cell death in chemoresistant IGROV1-R10 cells. Thus, it could be considered as an antitumoral agent on its own, at least in some 
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Mol Cancer Ther 2009;8 (11) . November 2009 cases, as described previously in various hematologic malignancies (14, 22, 23) in the 10 to 100 micromolar range. However, its effect on solid tumors remains poorly studied. Our results showed that apoptosis was induced in IGROV1-R10 cells after exposure to HA14-1, at least in part through the mitochondrial pathway, because both caspase-9 and -3 were cleaved within 2 to 6 h. However, both electron microscopy and appearance of the LC3-II form of the LC3 protein suggest that autophagy was also involved in response to HA14-1. The presence of both apoptotic and autophagic features in the same cells suggests that autophagy could precede apoptosis, thus constituting an early response to the HA14-1-generated stress, evocating more a survival response than a cell death mechanism. This compound has also been described previously by others to induce autophagy (24) as well as another BH3-mimetic, ABT-737, which dissociates Beclin-1 from Bcl-x L and Bcl-2 (25).
Interestingly, the massive cell death induced by HA14-1 in IGROV1-R10 suggests that a strong intrinsic oncogenic stress is probably responsible for the activation of Bax/Bak proteins. However, in cancer cells, the overexpression of antiapoptotic proteins led to sequestration of the activated Bax-like proteins, thus impeding apoptosis induction. These cancer cells are consequently properly "primed to death" (26) . In this case, the apoptotic mechanisms induced by HA14-1 should be sufficient on its own to induce cell death.
However, this cell death has not been observed in all ovarian carcinoma cell lines and some of them were only partially or totally unresponsive to HA14-1 treatment. In these cases, the presence of other stresses is needed to allow HA14-1-induced apoptosis (18, 27, 28) .
In our models, we did not observe any correlation between the resistance to cisplatin and the absence of response to HA14-1, because the most cisplatin-sensitive cell line (OAW42) was also the most resistant to HA14-1, thus excluding that the absence of response to HA14-1 could be due to a defective apoptotic machinery (12) . An excessive expulsion of the drug out of the cell through MDR-like mechanisms could also be ruled out, because verapamil did not allow HA14-1 to induce cell death (data not shown), consistent with the observation of a massive apoptosis in response to HA14-1 in both MRP and P-glycoprotein-overexpressing cells (17) . It could be hypothesized that, in our "HA14-1-resistant" cell lines, the oncogenic stress could be insufficient to allow Bax-like proteins activation. This could be due either to a lower oncogenic stress or, more probably, to the overexpression of multiple antiapoptotic proteins.
The variations observed in response to HA14-1 were neither linked to differences in the basal expression level of the identified targets of HA14-1 (Bcl-2 or Bcl-x L ; refs. 14, 29) nor to the variation of their expression in response to HA14-1. Although HA14-1 apoptotic effects were described to depend on Bcl-2 expression (18) Bcl-x L was also described as a potential target of HA14-1 (29) and its well-known overexpression in ovarian carcinoma (9-12) could explain the activity of HA14-1 in the absence of Bcl-2 (IGROV1-R10).
We also investigated the possible involvement of Mcl-1. Indeed, Bcl-x L (the only HA14-1 target expressed in sensitive IGROV1-R10 cells) has been shown to cooperate with Mcl-1 to protect cells against apoptosis through the sequestration of Bak (21) . Moreover, overexpression of Mcl-1 in ovarian carcinoma led to a poor prognosis (30) and its inactivation has been shown to induce cell death only when Bcl-x L was also inactivated (31) . Although its basal expression was similar in all cell lines, Mcl-1 was strongly downregulated after exposure to HA14-1 in IGROV1-R10 sensitive cells, whereas its expression was maintained or upregulated in resistant cells.
Such a resistance to BH3-mimetic molecules has been described previously. For instance, resistance to YC137 was reported in breast cancer cells and was associated to the disappearance of Bcl-2 expression (32). In lymphoma cells, sensitivity to ABT-737 has also been associated to the expression of Bcl-2 and more precisely to the high level of Bim protein (itself able to inactivate Mcl-1) sequestrated by Bcl-2 (33). Resistance to ABT-737 has also been correlated with Mcl-1 overexpression (34) , and the experimental inhibition of Mcl-1 activity or expression led to sensitization to ABT-737 (35) (36) (37) .
These results suggest that concomitant inhibition of both Bcl-2/ Bcl-x L and Mcl-1 could be essential for BH3-mimetics induced cell death. This is also suggested by the observation realized with GX15-070 that binds with moderate affinity to all antiapoptotic Bcl-2 family members (including Mcl-1), because this compound potently induces apoptosis via disruption of both Bcl-x L /Bak and Mcl-1/Bak complexes (38, 39) .
To our knowledge, our study describes for the first time a downregulation of Mcl-1 in response to HA14-1 in sensitive cells. Such a downregulation has also been described in response to ABT-737 in myeloma cells (40) , although the mechanisms involved in this Mcl-1 expression modulation remain unknown.
Mcl-1 is submitted to a rapid turnover (41) , and the control of its expression could involve both transcriptional and posttranslational mechanisms (42) . The interaction of Mcl-1 with proapoptotic BH3-only members of Bcl-2 family or with the multidomain proapoptotic protein Bak is determinant for its function. Its association with some of these partners will lead to stabilization (Bak, Puma, Bim, and Nbk/Bik; refs. 21, 43) , whereas other will induce its degradation (Noxa; ref. 44 ). Mcl-1 degradation can involve the proteasome but can also be a consequence of caspase activity (45) . We did not observe caspase-cleaved Mcl-1 fragment, and transcriptional downregulation has been also excluded (data not shown). Thus, we can conclude that Mcl-1 probably disappeared through proteasome activity either due to a modification of its partners after action of HA14-1 on Bcl-x L or through a c-Jun NH 2 -terminal kinase-associated phosphorylation as suggested by Inoshita et al. (46) . The upregulation of Noxa and Puma observed in response to HA14-1 could argue in this way. The mechanisms involved in the regulation of these proteins by HA14-1 are currently under investigation.
We showed that Mcl-1 downregulation was essential to induce cell death in response to HA14-1 in SKOV3 and OAW42 cells and that concomitant inhibition of Bcl-x L (by HA14-1) and Mcl-1 (by siMcl-1) led to apoptosis in the absence of other apoptotic signals, showing that SKOV3 and OAW42 cells were both properly "primed to death." These experiments showed that, in ovarian carcinoma cells, the absence of response to BH3-mimetics could be linked to a reinforced expression of Mcl-1 after exposure rather than to a defect in Bax/Bak activation. We also showed previously that the association of two siRNAs directed against Bcl-x L and Mcl-1 induced a strong cell death in all cell lines (47), confirming that these two proteins constitute a molecular hurdle to oncogenic stress or chemotherapy-induced apoptosis.
In our models of chemoresistant ovarian carcinoma, the use of HA14-1 was initially conceived to sensitize cells to cisplatin rather than to induce apoptosis on its own. However, because Mcl-1 downregulation has been observed in resistant SKOV3 cells in response to cisplatin, we evaluated the effect of cisplatin on response to HA14-1. We showed that this combination led to massive cell death without recurrence. We did not observe transcriptional variation of Mcl-1 expression in response to cisplatin (12) , suggesting a proteasome-dependent Mcl-1 downregulation as observed by others in renal tubular cancer cells exposed to this drug (48) . The overexpression of Noxa and Puma also observed in SKOV3 cells in response to cisplatin could thus be involved in this downregulation (data not shown).
Such a platinum sensitization has also been described previously in ovarian carcinoma cells in response to . This effect was not associated with Mcl-1 downregulation but rather with cooperation between the apoptotic signal generated by carboplatin and the inhibition of Bcl-x L activity by ABT-737. Platinum analogues could thus induce the activation of Bax/Bak proteins. We propose that, in complement to these events, the cisplatin-induced Mcl-1 downregulation constitutes an essential determinant of cell death in ovarian carcinoma cells in response to BH3-mimetics.
Bcl-x L and Mcl-1 appear as key targets in ovarian carcinoma and BH3-mimetics could induce apoptosis in response to oncogenic stress and to chemotherapy, provided that Mcl-1 protein should be either inactivated or downregulated. On this regard, HA14-1 is interesting because it could exert both a conventional BH3-mimetic effect and an indirect effect on Mcl-1. However, we underlined the possible escape to treatment and a subsequent acquired resistance to HA14-1 and associated this resistance to the loss of the mechanisms leading to the downregulation of Mcl-1 in response to treatment (data not shown). It thus appears that the combination of the exposure to a BH3-mimetic with a strategy leading to inactivation or downregulation of Mcl-1 is essential to ensure massive apoptotic cell death and to avoid therapeutic failure.
The development of multitargeted therapies directed against Bcl-x L and Mcl-1 constitutes a major challenge for the therapeutic care of chemoresistant ovarian cancers. BH3-mimetics represent promising tools for this purpose either on their own in the case of pan-Bcl-2 family inhibitors or in association with new drugs leading directly or not to Mcl-1 inactivation. Such associations represent a real therapeutic hope, which now remains to be materialized.
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